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Since the discovery of carbon nanotubes (CNTs), more and more efforts are 
being made to integrate carbon nanotubes into micro and nanoelectromechanical 
systems (MEMS/NEMS), due to the fact that CNTs have small size, low density, high 
stiffness and strength, as well as excellent electronic properties. Previous studies of 
the mechanical properties of CNTs concentrated on their static properties for lack of 
the available detailed experimental data and computational power limitations. Very 
few studies on acoustic properties of CNTs have been conducted.  
In this dissertation, we study the acoustic wave propagation in carbon nanotubes, 
with a target of building up the guidance for carbon nanotube based nano acoustic 
devices in various engineering applications. The main contents of my works are 
summarized as following: 
(1) The continuum elastic model is used to study the acoustic wave propagation 
in single-walled, double-walled carbon nanotube and carbon nanotube-polymer 
composite. And then the influence of structural parameters of carbon nanotubes on 
their acoustic resonant frequency is investigated. The results show that: if the length 
of the carbon nanotube is longer than several microns, the frequency of its 
fundamental acoustic mode can be within a 10GHz range, which is obtainable by 
using MEMS-based thin film ultrasonic transducers; 
(2)  A new method/concept for the investigation of physical properties of 
carbon nanotube is then firstly presented, which is called carbon nanotube acoustic 
bridge. It is using resonant ultrasound spectroscopy (RUS) to obtain the 
eigenfrequencies of the carbon nanotube that is slightly clamped between two micro 
ultrasonic transducers. Then we derive the relationship between the structural 
parameters of carbon nanotube and the quality factor of its vibration modes. Based on 
these, three potential applications of carbon nanotube acoustic bridge are established: 















nanotubes; it is proved to own a sensitivity of 10-20g/Hz to an extremely small change 
of mass, which enables it used as a mass-changing detector with high sensitivity; with 
the derived relationship between the shift of its resonance frequencies and the 
pressure where the carbon nanotube acoustic bridge is, it can used as a vacuum sensor 
for ultrahigh vacuum; 
(3) The effects of three driving forces on vibration of carbon nanotubes with 
different dimensional and structural properties and different acoustic wave modes 
from a shell model are studied. It is concluded that the value of critical frequency of 
carbon nanotube is lowest driven by axial force, secondly driven by circumferential 
force, the highest if by radial force. The results would help to choosing an appropriate 
driving mode for carbon nanotube acoustic bridge; 
(4) A new equivalent circuit model of micro film bulk acoustic wave transducer 
with PZT piezoelectric layer is also set up to study its frequency response. The 
PSPICE software is employed to study the effect of the structural parameters on the 
resonant frequency, quality factor and effective coupling coefficient of the transducer. 
Based on this, the structural parameters of the electrode layer and silicon nitride layer 
are optimized to obtain improved performance for the transducer; 
(5) The PZT thin films are successfully spun on silicon substrate, which is coated 
with Ti or Pt/Ti thin films, by using the sol-gel method. A MEMS process for the PZT 
thin film structure used in the measurement of their ferroelectric properties is 
developed, and then the polarization electric hysteresis is measured by using a Sawyer 
Tower circuit. The results show that the ferroelectric properties of PZT thin films 
prepared by the sol-gel method with heat treatment at 400℃ and annealing treatment 
at 650℃ can have very good performance. All of these results show that PZT thin 
films with a Pt/Ti layer on silicon substrate prepared by using the sol-gel method in 
our study can be applied to develop the PZT-based MEMS transducer for carbon 
nanotube acoustic bridge;  
(6) A micro bridge structure with PZT nanofibers is firstly realized by using 
electrospinning process. The effects of PVA concentration, applied voltage, additional 















studied in details. The PZT micro bridge is first step for realizing the whole carbon 
nanotube acoustic bridge system. 
All these work will provide some guidance to the future research and exert a 
positive effect on the realization and applications of carbon nanotube materials on 
acoustic microsystem.  
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